Introduction
Hypotheses abound about the possible evolutionary significance of phenotypic plasticity in plants (Sultan 1987) . In contrast to animals, phenotypic plasticity in plants is considered an adaptive strategy (Bradshaw 1965; Sultan 1987) . One hypothesis suggests that there is an inverse relationship between intrasite genetic variation and phenotypic plasticity (e.g., Jain 1978). The rationale behind this hypothesis is that individuals may be adapted to many microsites through variable (plastic) phenotypes, or by specialized genotypes in each microsite. However, since phenotypic plasticity is under genetic control, high genetic variation and high plasticity need not be mutually exclusive (Schlichting and Levin 1986, 1988; Scheiner and Lyman 1991) .
Perennial vegetatively spreading plants such as Vaccinium macrocarpon are excellent systems for testing some basic hypotheses about fitness in clonal plants in general. There are two main components of fitness in clonal plants: asexual (or clonal) and sexual (Eriksson 1992) . Clonal plant genets exist as reiterative modules (ramets) that may dominate a site rapidly, given the requisite environmental conditions. Therefore, it is conceivable that the "fittest" clone within a population could monopolize a site, excluding possible conspecific competitors. Recruitment from seed, although generally considered the most important component of fitness, is only important among, rather than within, populations for clonal plants. There is often low recruitment from seeds in populations that contain large standing clones, especially among boreal bog plants (Eriksson 1992) . Therefore, the clonal (asexual) fitness component may be the most important factor in regulating genotype prevalence in local populations. In fact, it has been shown that ecologically marginal populations of V. macrocarpon have low genetic heterogeneity, based upon RAPD profiling, compared with central populations (Stewart 1993; Stewart and Excoffier, in press ).
Vaccinium macrocarpon is the commercially important cranberry species that is prevalent in bogs in the northeastern and Great Lakes regions of the United States. Populations in the mid to southern Appalachians and the North Carolina coastal plain are on the southern margin of V. macrocarpon's distribution. These plants may exhibit phalanx (predominantly uprights) or guerilla (predominantly runners) morphology (Lovett Doust 1981) . In phalanx growth, uprights are tightly packed into an area, which serves spatially to exclude competitors. Uprights bear most of the flowers and fruit in V. macrocarpon; therefore, phalanx growth leads to potentially greater sexual reproduction. In contrast, guerilla growth allows genets to explore new areas via runners. Guerilla growth could lead to attainment of greater area by clones or species and is therefore more important for vegetative spread within a site. Plasticity in module type would, in these plants, AND GENETIC VARIATION. II. 699 Note. Nutrient concentrations at surface level before and after treatments are measured in ,g/cm3 and anaerobic nitrogen mineralization rates are expressed as ,g/cm3/d. constitute a switch in life history strategy and may render higher fitness to genets located in temporally or spatially heterogenous sites. Within a population, one might expect clones that have high plasticity for growth morphology to have larger areal spread than nonplastic clones. There is evidence that V. macrocarpon may switch between these two morphologies depending upon nutrient status (low: phalanx; high: guerilla) (Addoms and Mounce [1931] ; Kender and Childers [1959] ; Torio and Eck [1969] ; Eck [1971, 1976] , all cited in Eck [1990] ), which is consistent for stress-tolerant clonal plants (deKroon and Schieving 1990) . However, in a recent common garden study, there was limited switch in morphologies in V macrocarpon response to nitrogen or phosphorus gradients (Stewart and Nilsen 1995) .
Recent studies have documented the spatial distribution of clonal plants within populations using molecular methods (Silander 1979 (Silander , 1984 Huenneke 1985; Nybom and Schaal 1990; Rogstad et al. 1991; Aspinwall and Christian 1992; Smith et al. 1992; Parks and Werth 1993) . In addition, there is a large and growing body of data on sizes and patterning of clonal plants (reviewed in Ellstrand and Roose [1987] ). Although clonal spatial distributions are themselves interesting, this study focused on relating clonal variation and identity to ecological responses to edaphic variation. The objectives were to determine the spatial pattern of genets in two bogs and compare the genetic diversity and phenotypic plasticity between the dominant genet and incidental genets within each bog. We selected two marginal populations, one in Tennessee, at the southern distribution of the species, and one in West Virginia, which, although distributionally marginal, is more proximate to central V. macrocarpon populations. We collected leaf samples throughout each bog and used RAPD markers to distinguish genets. Reaction norms of the genets in the bogs (in situ) were determined in response to nutrient manipulations. The reaction norms of the dominant genet to nondominant (infrequent) genets in each bog were compared. This comparison was performed to determine whether predominant clones predominate because of greater phenotypic plasticity, trait means, both, or neither.
Material and methods

STUDY SITES
The study targeted small Vaccinium macrocarpon populations that differed in marginality (defined by geographical location), resource availabilities (soil nutrient concentrations), and resource heterogeneity. Two study sites were examined:
1 (Stewart and Excoffier, in press ). The predominant clone in this site (WVA) is WV in Stewart and Nilsen (1995) . (Killebrew and Safford 1874) . The site is bordered by forest on one side and by pasture on the other and is situated on a cattle farm. The bog itself has been fenced for about 1 1 yr to exclude cattle. The surrounding forest is an oak-hickory association. This bog is disjunct from the main Appalachian corridor. The nutrient flux into the bog has probably increased because of agriculture over the last 150 yr. Because of this minerotrophic influence, the nutrient status is higher than that of the WV site (table 1) . The predominant clone from this site (TNA) is TN in Stewart and Nilsen (1995) . Primary environmental differences in study sites were nutrient conditions, as outlined above, and temperature (WV was cooler). Different biotic factors are discussed in Stewart and Nilsen (1993) .
EXPERIMENTAL DESIGN
Sixteen 1-rM2 plots were established in each population in September 1990, where V. macrocarpon dominates or codominates in the ground layer with Rubus hispidus. Nutrients were added in March 1991. Nutrient heterogeneity was assessed using Bartlett's test (Bartlett 1937) . The fertilization rates and nutrient determinations were the same as in Stewart and Nilsen (1995) .
Approximately 15 shoots per plot were randomly sampled at harvest in September. Shoots were dried to even mass for 1 wk at 650C. Leaves were counted and biomass was partitioned according to shoot type and age. Fruit on uprights was counted and weighed (table 2) .
Clonal replicates were determined a posteriori by RAPD profiling. Each plot had one clone. Plots used for the ecological measurements correspond to sampling points 1-16 in each bog (figs. 3, 4).
RAPD PROFILING
Clonal identity was assessed by RAPD profiling (Williams et al. 1990 ). Fresh leaf samples were taken from each plot and other areas where V. macrocarpon was observed growing. Every V. macrocarpon patch was sampled at least once. Sample sizes were 22 in TN and 39 in WV. DNA extraction and RAPD profiling are described by Stewart and Via (1993) . The criterion to select RAPD primers was the ability to reproducibly reveal intrapopulational genetic polymorphisms. Best quality and highest yields of DNA were obtained from newly produced leaves and apical meristems. This fact is important since DNA quality is the most important factor in RAPD reliability (McLelland and Welsh 1994) . One empirical test for template purity and amplifiability is to test templates over a wide range of template concentrations in the RAPD reaction. Randomly selected templates gave the same patterns from 0.5 ng to 100 ng per 25 ,uL reaction. This shows that the RAPD-PCR is robust and reliable within a range of template concentrations. DNA was quantified using a fluorometer and 5 ng of DNA template was used in each RAPD reaction. Forty primers were screened (Operon Technologies, Alameda, Calif., A and B kits). Of these, four were used in the population clonal analysis: OPA7 (5' GGTCCCTGAC), OPA13 (5' CAGCACCCAC), OPA 17 (5' GACCGCTTGT), OPB4 (5' GGACT-GGAGT), because they gave reproducible results.
STATISTICAL ANALYSES
Genetic distances among clones within populations were estimated using a squared euclidean distance of RAPD characters, resulting in a triangular distance matrix (Excoffier et al. 1992; Stewart and Excoffier, in press ). This is represented graphically as an unweighted paired group method using arithmetic averages (UPGMA) cluster dendrogram (Rohlf 1988) (fig. 2) . Clonal relationships as revealed by RAPD fingerprinting are also shown by superimposing a minimum spanning tree (MST) over the spatial distributions of genets. Genetic variability is estimated using the permutational analysis of molecular variance (AMOVA) computer package (Excoffier et al. 1992) as modified for RAPDs (Stewart and Excoffier, in press ). Thus, the magnitude of variance of each population can be compared using an analysis of molecular heterogeneity (HOM-OVA), as described in Stewart and Excoffier (in press) , which is part of the AMOVA package. This test is, in essence, a Bartlett's test for homogeneity of variances employing a null distribution for significance testing. To correct for uneven sample sizes (TN = 22; WV = 39), WV was subsampled repeatedly (500 iterations) where subsamples = 22. These methods rely on a permutational approach to significance testing and are therefore distribution-independent procedures.
Phenotypic plasticity was assessed using the simple linear regression component of an analysis of covariance (ANCOVA) using ammonium concentration, phosphorus concentration, nitrogen mineralization, and pH as independent variables. In utilizing clonal replicates the linear regression line of a trait in response to environmental variation is an estimate of the reaction norm. We tested curvilinear models (e.g., quadratic) in addition to linear models, but linear models provided a better fit for the data. The regression slope is indicative of the magnitude and direction of the plastic responses. Trait means are equivalent to the average heights of the reaction norms. To determine whether the predominant clone in each population had different reaction norms than incidental clones, we used an ANCOVA heterogeneity of slopes model (SAS Institute 1990). A significant clone by independent variable interaction term indicated unequal slopes (differing reaction norms).
Results
SOIL NUTRIENTS
The TN site had significantly higher soil ammonium concentrations (N), phosphorus (P) concentrations, and pH than the WV site. Within each site, the addition of N and P fertilizers increased soil N and P concentrations, but pH remained unchanged, when data across treatments were pooled (table 1). Bartlett's heteroscedasticity test revealed significantly higher postfertilization variances for N and P concentrations (table 1) . Therefore, both N and P means and variances significantly increased after fertilization. Thus, fertilization increased resource gradients and heterogeneities.
SPATIAL CLONAL PATTERNS
Of the 40 primers screened, six revealed polymorphisms within populations and four gave reproducible results. Within TN, 5 of 44 (11.3%) markers were polymorphic, and within WV 18 of 52 (34.6%) markers were polymorphic. Relationships among clones revealed significantly more genetic homogeneity among TN samples than WV samples. This fact remains even when the uneven sample sizes are taken into consideration. When data were resampled using the nonparametric HOMOVA, populations were statistically significantly different in their genetic heterogeneities at the P = 0.01 level. However, even in WV, most clones were closely related to each other, as evident by numerous shared bands ( fig. 1 ). In WV, more clones were detectable (21 compared with 5) and higher genetic distances were evident than in TN (figs. 2-4). The HOM-OVA, cluster analysis, and MST showed more complex clonal relationships in WV than in TN. However, in both sites there were one or two widespread clones that monopolized each bog (figs. 2-4). This fact resulted in the unbalance between the number of samples between predominant and infrequent classes of clones. Two large clones in WV had similar RAPD phenotypes (euclidean distance of 1 separation; figs. 2, 4). In addition, many infrequent clones in WV were separated by a euclidean distance of 1 from each other.
PLANT RESPONSES CLONAL DIFFERENTIATION.
In the ecological experimental plots, the predominant clone was in 13 sampling plots in TN and 10 in WV. Three plots consisted of the infrequent clones in TN and six in WV ( figs. 3, 4) . Because of the imbalance between the number of predominant and infrequent clones sampled, three different AN-COVA models were implemented regarding clonal identity to compare clonal responses within each population. In model X, infrequent clones were disregarded and clonal identity was not a factor. Thus, significant regressions were determined only for predominant clones (table 3, X cols.). Full clonal identity was a factor in the AN-COVA model Y (table 3, Y cols.). The predominant clone in each site had several replicates, but the individual infrequent clones often did not. Thus this test was not very powerful in distinguishing among clonal reaction norms. In model Z, clonal identities were grouped within populations as two classes: "predominant" and "infrequent" (table 3, Z cols.). The purpose of the third model was to test the hypothesis that clonal identity was an important factor in means and reaction norms, specifically, that predominant clones had greater response (greater slopes) and had higher trait means than the infrequent clones. However, since genetic heterogeneity within the infrequent class exists, the best fit line can best be described as a pseudoreaction norm.
Because the sample size of infrequent clones was very low in TN, there was low statistical power in model Y. However, there was no evidence that infrequent clones were different than predominant clones for any traits (table 3; fig. 5 ). The results of the ANCOVA models X, Y, and Z differed only in the ratio UP1/2 (table 3). This shows that the reaction norms of the predominant clone in TN were generally the same as the profile of all clones in TN.
In contrast, within WV there were significant differences for clonal differentiation using model Y of traits FRUIT and three other phalanx characters (table 3, Y col.) and several additional traits when nonpredominant clones were using model Z (table 3, Z col.). In addition, model X results did not correspond with models Y and Z except for UPWT (table 3) . In some traits with model X (ULWT, L/UP2, LWT/UP2, RLWT), there was a significant relationship to nitrogen mineralization (NM), whereas when analyzed with models Y and Z, there was not. Reaction norms were significant for other traits such as FRUIT using models Y and Z but not using model X (table 3) . The WV clones were more genetically heterogenous than TN clones, so greater ecological differentiation within WV than within TN was expected.
PHENOTYPIC PLASTICITY.
Unequal reaction norms (slopes) indicate genetic-environmental interactions. Since field sites were inequitable, no direct statistical comparisons could be made between populations. Instead, we compared trends of plastic responses between populations based upon the three ANCOVA models described above. There were more plastic traits in response to N and pH gradients in TN than WV, especially runner traits (table 3) . TN clones responded with a positive slope in most vegetative traits, notably guerilla traits, and WV clones had flat or slightly positive reaction norms. In WV, there were a few traits responding to increased nutrients, but no patterns regarding the types of responsive traits Within populations we could use the AN-COVA heterogeneity of slopes model to compare directly the reaction norms of predominant and nonpredominant clones using model Z. Within WV, there were heterogeneous slopes (a = 0.05) for FRUITWT, FRUIT, and SWT/R among clones ( fig. 5) . Because of the inevitable small sample size of some classes, regression slopes are sometimes biased by an outlier ( fig. 5 ) and thus may not be robust estimates of reaction norms. However, significant differences in slopes were observed even if we discarded the outlier point in clone WVA. There were no heterogeneous slopes among clones in TN. RAPD markers have been used successfully in assessing plant and fungal clonal distribution patterns (Brauner et al. 1992; Smith et al. 1992; Wilde et al. 1992; Eriksson and Bremer 1993; Stewart and Porter, in press ). Although allozyme electrophoresis has been the method of choice for clonal detection for over 20 yr, DNA methods have recently been shown to be powerful. DNA fingerprinting (Jeffreys et al. 1985) , although sensitive, is notoriously difficult in plants and requires relatively large amounts of purified DNA . RAPD fingerprinting does not require large quantities of purified DNA but can detect intrapopulational polymorphisms and therefore differentiate between clones, where allozymes may not (Hadrys et al. 1992; Waugh and Powell 1992 ). An even more attractive feature is that RAPD profiling presumably provides an unbiased sampling of the genome. A potential problem is that RAPD fingerprinting is so sensitive that it may detect somatic mutations within a vegetative lineage (J. Mitton, personal communication). Another potential problem is that RAPDs are dominant markers and could potentially lead to confounding in population analyses (Lynch and Milligan 1994) . However, empirically, the potential problem of dominance of RAPDs has proven inconsequential for population-level analysis (Huff et al. 1993; Stewart and Excoffier, in press ). Because of somatic mutation, in old clonal perennials the likelihood of all living cells in the plant body having the same genomic DNA sequence is low. Therefore, if one were to employ the most sensitive molecular assay for clonality, DNA sequencing, one might find dozens of "clones" within a single integrated individual. It is not practical to sequence all the DNA of a metapopulation of cells in a single plant; however, a researcher may randomly sample DNA sequences quickly using RAPD fingerprinting or microsatellite fingerprinting.
Of the 21 different clones detected at WV, 10 were separated by a euclidean squared distance of 1. This means that all bands in pairwise profiles matched except one band. This could indicate that many but not all WV clones may share a common vegetative lineage in which members may have diverged by somatic mutation. The spatial chaining of clones that are (pairwise) separated by a euclidean squared distance of 1 strengthens the case that clones have diverged by growth coupled with somatic mutation. However, this scenario is speculative because of the low number of bases sampled (52 bands x 10 bases per primer x 2 priming sites per band = 1040 bases). This is less than 2 x 10-4 ?/ of the haploid genome. A better explanation, perhaps, is that there have been low levels of sexual reproduction within WV, leading to the production of genetically similar but not identical clones.
In TN, however, all clones are connected to the single large clone by one mutation each. The two clones (12 and 27) that differ each from the large clone by a euclidean distance of 2 differ from a band shift using one primer. That is, because bands were coded as present or absent, the loss and subsequent gain of bands appears as if bands Droop Bog, Pocahontas Co., WV were gained and lost independently. Probably they each were caused by an insertion or deletion in a heterozygous RAPD marker. So it is conceivable that the present-day TN clones are the product of a single vegetative lineage, but not so in WV. Assuming that both TN and WV sites are relict bogs and are thousands of years old, dating from preglacial times, then there has been ample time for clonal structure to reach an equilibrium. There is, of course, no method to age Vaccinium macrocarpon clones unless they are excavated. Even then, there would likely be discontinuities. In WV, clones A and B, although not contiguous, contain ramets 112 m (A) and 125 m (B) apart. So the clones must be at least 350 yr old given a typical runner length of 30 cm/yr, although yearly runner lengths may exceed 1 m (data not shown). However, they are probably much older than that, given clonal meandering and the forest invasion of the bog (C. N. Stewart Jr. excavated stems that were not producing new shoots extending 20 m into the surrounding forest). This minimum estimated age would make these clones older than the surrounding spruce and hemlock trees.
Large ericaceous clones have been reported. Harberd (1961, 1967) cited studies in Vaccinium, Erica, and Gaylussacia in which clones spread over 800 m. In Gaylussacia, the box huckleberry, Wherry (1972) reported clonal spread over 2000 m and estimated genet age at 13,000 yr old. Noble et al. (1979) reported that ericaceous Vaccinium myrtillus and Calluna had among the largest genet width to height ratio of the woody plants they surveyed. These estimates were based upon uniform morphological characters and the absence of seedling recruitment within clones. Clonal spread of V. macrocarpon is consistent with these studies, but it does not approach the areal spread of these other ericads. In other plants and a fungus, there are reports of very large Spartina clones (> 100 ha in area) on the U.S. gulf coast (C. Werth, personal communication), expansive Populus clones (Kemperman and Barnes 1976), large grass (Holcus) clones (Harberd 1967), 1000-m-long bracken clones (Parks and Werth 1993) , and the 15-ha clone of the fungus Armillaria bulbosa (Smith et al. 1992 ).
CLONAL RESPONSES
When performing ecological experiments in natural populations, inequitable environments prevent statistical comparisons among sites. Common garden and reciprocal transplant experiments circumvent this difficulty but are often ecologically unrealistic because of transplant shock, mycorrhizal flora, and other abiotic and biotic effects. There are several advantages to field experiments: one may better assess how plants react in their natural environments, there is no transplant shock, and plants should seemingly be adapted to the environment of the experiment and should therefore respond more sensitively to fine-grained environmental manipulation. In most plant ecology experiments, no attempt is made to determine genetic profiles or identities of the experimental plants, and a mosaic of genotypes is pooled in the analysis. When genotypes have been determined (Silander 1979 (Silander , 1984 , the experimental focus was ecotypic differentiation in contrasting environments. However, the goal of this study was to compare the responses of different genotypes within populations.
In general, the clonal responses to soil nutrients of the large and infrequent clones are different in WV, but the large and infrequent clones respond similarly in TN. This corroborates the molecular data, which indicate one vegetative lineage in TN but multiple vegetative lineages in WV (table 3; fig. 5 ). Although statistical comparisons were not possible because of different environments, TN clones had higher means for most traits, and several traits were more plastic compared with those for the WV clones. For example, TN had a much steeper reaction norm of the number of uprights per runners (UP 1/2) in response to N. As N levels increased, there was less longevity of persistent (> 1 yr) leaves, which is consistent with other studies (Shaver 1981 (Shaver , 1983 . As N levels increased, there was greater plasticity for sexual reproductive output in TN compared with WV. Based on several diagnostic traits, the more marginal population (TN) appears to have greater phenotypic plasticity. Because of nonedaphic environmental differences between sites, the observed difference may not be directly attributable to the populations themselves.
In classifying the populations, WV is more phalanx, while TN is more guerilla, in growth responses. While V. macrocarpon generally exhibited increased guerilla growth in response to nutrient increase, TN had higher plastic responses in runner traits compared with WV. In contrast, WV increased its upright trait plasticities and sexual reproductive output (phalanx traits) in response to greater soil nutrients. This may partially explain why one genet was dominant in TN, while WV was genetically heterogeneous. The guerilla genet in TN may have increased its dominance by responding to edaphic heterogeneity by rapid runner growth, filling the site.
